Abstract Multiple Nonlinear Standardized Correlation (MNSC) analysis has been used for the development of three mathematical models for: (a) monthly streamflow data interpolation; (b) extrapolation; and (c) transfer to ungauged sites. This paper reports the application of MNSC to two different regions in Manitoba, Canada: the Red-Assiniboine basin (southern) and the Interlake district (central). The aim of the analysis is to test how appropriate MNSC is in Manitoba. The results of the MNSC applications to Manitoba's streams were enhanced by
INTRODUCTION
The synthesis of streamflow records for long periods of missing data is a common problem in operational hydrology. Future planning for the development and operation of water resources projects requires knowledge of the historical and synthesized streamflow for the site under consideration. This requirement reveals a common problem in several areas of Manitoba, Canada, and elsewhere.
Some of the important factors affecting streamflow data availability in Manitoba and elsewhere are: (a) budget restraints; (b) large number of stations; (c) considerably large distances between stations; (d) use of faulty recording devices; and (e) extreme weather conditions in some parts of the province.
Open for discussion until 1 October 1995 Relationships between gauge records are often developed using various empirical procedures. Alternatively, a regional relationship can be developed based on such parameters as catchment area, catchment length, average altitude, or similar. However, by using these procedures only moderate estimates of streamflow values can be obtained.
Common hydrological practice is also reflected in the use of linear regression (Haan, 1977; Chow et al,, 1988) . Relationships between streamflow records are established by the computation of correlation coefficients between the streamflow measurements at a number of different sites, and then fitting a linear regression to these points. Use of linear and multiple linear correlation is common practice in Environment Canada as well as in the US Geological Survey.
Many "nonempirical" or theoretical approaches for the synthesis of streamflow records have also been developed. Generally two types of problem have been addressed in the literature: (a) estimation (or "augmentation") of the mean and variance of flows at a short-record gauge; and (b) extension of streamflows for use in hydrological analyses. The first problem is dealt with by the use of the short historic record of streamflows and its extension by establishing the correlation between flows at the site and concurrent flows at some nearby long-record gauge (Fiering, 1962; 1963 , Matalas & Jacobs, 1964 . For the second problem, the actual extension of monthly, weekly, or daily streamflow records, it is not sufficient to obtain estimates of the mean and variance of the flows at the short-record gauge. Hirsch (1979 Hirsch ( , 1982 suggested the use of standardized monthly flows to develop time series of streamflow which can be used in water resources development procedures. Hirsch's approach is based on the maintenance of the variance for use in situations in which the two streamflow populations do not differ substantially in terms of their distribution shape and serial correlation. Alley & Burns (1983) recommended a mixed-station extension method for monthly streamflow records. This approach allows the use of a different station as the base station for different missing values of the same short-record station. Extension equations are also used to adjust the results of multiple regression in order to reduce the variance. Vogel & Stedinger (1985) extended the work by Hirsch in order to assure that the whole extended sequence would preserve the sample mean and variance estimated using the Matalas & Jacobs (1964) approach and the Vogel & Stedinger (1985) approach.
Each of these methods has its advantages and disadvantages for various applications. The selection of an appropriate method depends on a number of factors (Hirsch, 1982) such as: (a) the relevant time steps of the analysis; (b) the potential for the analysis of errors; (c) the benefit-cost ratio between increased accuracy in the estimation of outcomes and the cost of applying a more complex method; (d) the number of stations used for extending the entire record; (e) the assumptions related to the variability in flows; and (f) the capability of preserving the population variance etc. Multiple Nonlinear Standardized Correlation (MNSC) analysis is presented in this paper as a unique and simple alternative to the methods introduced by others for synthesizing missing streamflow records. The MNSC method is recommended as being:
(i) very simple to apply; (ii) able to estimate streamflow values other than the average; and (iii) not restricted by the assumption of linear relationships between the streamflow measurements at different locations (Alekseev, 1971; Prohaska et al., 1977) . The basic assumption used by MNSC (Alekseev, 1971) is that the logarithms of monthly flows are normally distributed. This issue has been raised in a different context by Hirsch (1979 Hirsch ( , 1982 and Stedinger (1980) . The consequences of this assumption are that the sample mean of the extended record of the logarithms of the flows is an unbiased estimate of the mean of the logarithms of the flows but the sample mean of the extended record of the flows is not an unbiased estimate of the mean of the flows (Hirsch, 1982) .
DESCRIPTION OF REGION
Manitoba is one of the three prairie provinces (Fig. 1 ) in the heart of Canada. It is bounded on the south, along the 49th parallel, by the states of North Dakota and Minnesota, on the east (between 89° and 95° latitude) by the province of Ontario and the Lake of the Woods, on the west (102° latitude) by the Saskatchewan, and in the north by the Northwest Territories along the 60th parallel, and Hudson Bay. Manitoba has an area of 649 947 km 2 . It is regarded as the most easterly of the prairie provinces, though only its southwest corner west of Lake Winnipeg lies within this flat and fertile region. The rest of the province lies within the area of the Canadian Shield, and the terrain is predominantly flat, rising from sea level at Hudson Bay, into which all the province's rivers flow, toward the southeast.
Water Survey of Canada, a division of the Water Resources Branch of Environment Canada, has the responsibility, under the Memorandum of Agreement for Water Quantity Surveys, of providing streamflow and water level data for use by water agencies. In 1986, Water Survey of Canada operated 215 discharge, 81 water level and 18 sediment stations in Manitoba. About two thirds of the stations are located in the southern part of the province. There are many sites in Manitoba where Environment Canada or other gauges have been operated for relatively short times or their operations have been interrupted for various reasons.
The main objective of the work presented herein is to investigate the use of MNSC analysis for synthesizing monthly streamflow records for a number of streams in Manitoba and to present a methodology for the improvement of the analysis based on the use of different physical parameters. The research presented in this paper used the average annual precipitation, monthly precipitation, average snowmelt equivalent for the months of February and March, and the elevation of the gauging stations. The analysis was conducted for two regions and a number of streams to identify those physical parameters which are both representative for the particular region, and enhance the results of MNSC application.
The intent was to produce streamflow estimates in order to interpolate, extend or transfer data to ungauged sites. MNSC is not a proper tool for generating long time series where the preservation of statistical characteristics is more important (Hirsch, 1982; Vogel & Stedinger, 1985) . Therefore, the results obtained with mathematical models based on MNSC analysis were checked using the modified simple standard error of the estimates (Moore & McCabe, 1989) .
The next section describes briefly the theoretical background for MNSC analysis and methodology as used in their application to two different regions in Manitoba. This is followed by a description of the applications to the Red-Assiniboine Basin and the Interlake District respectively. The final part of the paper summarizes the pertinent results of the methodology presented herein. 
METHODOLOGY USED IN THE
where X^ are the logarithms of flow values; m(Xy) is the position number of the variable X^ in the ordered series; Nj is the total number of observations; U is the standardized value of a variable with zero mean and unit standard deviation; and i and/ are location indices. The usefulness of these transformations is based on the following theorem (Alekseev, 1971) which should satisfy the condition:
Finally, on the basis of a homogeneity test, the representative variables are selected.
In the analysis here the variables were the logarithms of observed flow values at neighbouring gauging stations which were candidates to be used for interpolation, extension or data transfer to the station under consideration (Penner & Simonovic, 1991) . Within this description the following definitions are used: (a) the interpolation of hydrological data represents the process of synthesizing and filling in missing data; (b) the extension of a streamflow sequence is the process of adding synthesized data at the end of a historical record; and (c) the transfer of hydrological data is the process of generating an entire synthesized streamflow sequence for an ungauged location. The general MNSC procedure was applied to the development of mathematical models for the interpolation, extension and transfer of hydrological data. The main difference between these three models is in the computation of the correlation coefficients between a station with a missing sequence, or with a short sequence, or without any measurements, and the remaining stations. In the case of interpolation and extension, the number of data used in the computation of the correlation coefficients is limited by the length of the interrupted or short sequence. In the case of data transfer the correlation coefficients are determined from a spatial relationship established using data from the potential sites for data transfer.
Mathematical model for interpolation of streamflow data
At a gauging site where some streamflow records do exist but the sequence has been interrupted, the interpolation process can be used to fill in the missing data. Assume the following interrupted sequence:
is available at location O, and the following uninterrupted sequences:
The correlation coefficients between the data at station O (interrupted sequence) and the data at the rest of the stations, represented by equations (4) and (5) are calculated using the available data as follows:
The number of data used in the computation of the correlation coefficients via equation (6) are limited by the length of the interrupted sequence in equation (4). The correlation coefficients between the data at the stations with uninterrupted sequences are calculated using all the available data. Since the computation of the correlation coefficients between the data at station O and those at the rest of the stations is done using data sequences of limited length (usually short), the correlation hypothesis must be checked. An F-test is used to test the hypothesis (Moore & McCabe, 1989) . If the hypothesis is not accepted, the corresponding streamflow sequence used for the computation of the correlation coefficient is eliminated. Therefore, the number of sites which may be used for the interpolation of streamflow data is reduced by one.
After the computation and testing of the correlation coefficients is done, the multiple regression between the standardized variables, equation (3), is derived. The procedure continues with the derivation of the general linear correlation coefficient between the standardized variables and the weighting factors, ôp corresponding to each of the sites used for data interpolation. The missing data for the interrupted streamflow sequence are then determined according to:
Mathematical model for streamflow data extension
The extension of a streamflow sequence takes place when several years of data are missing at the end of the record. Assume that the following sequence of data is available at location O:
and the following sequences at locations j :
The mathematical model applied for the extension of the sequence of equation (8) using the sequences of equation (9) under the above conditions is very similar to the one developed for the above streamflow data interpolation. MNSC analysis forms the basis of the extension model.
The correlation coefficients between the data for station O, with the shorter sequence of streamflows available, and the data for the rest of the stations are calculated using limited data according to:
The correlation coefficients between the data for the stations with uninterrupted sequences are calculated using all available data. Within this procedure too, the correlations are checked using an F-test and the number of representative sites to be used for the data extension is determined. The procedure continues with the derivation of the general linear correlation coefficients between the standardized variables and the weighting factors for each of the sites selected for the data extension. Finally, further data for the short streamflow sequence are determined using the following expression:
Mathematical model for transfer of streamflow data to ungauged locations MNSC analysis as introduced in the previous sections of the paper can be used to generate an entire streamflow sequence for an ungauged location. The mathematical model for data transfer makes use of equation (3) for multiple standardized correlation. The calculation of the correlation coefficients between data for gauged potential sites for data transfer is performed according to:
The main characteristic of the data transfer model is in the definition of the partial correlation coefficients between data for the potential gauged sites for data transfer and an ungauged site. These correlation coefficients are determined from a spatial relationship established using data from the potential sites for data transfer. In the research documented in this paper, the spatial relationship was developed using the distances (a-,) between the potential gauged stations and the ungauged location along with the correlation coefficients between data for the potential gauged stations. From the known distances between the stations, correlation coefficients between data for the ungauged site and the other potential gauged sites, r v v , were estimated as shown in Fig. 2 . Spatial correlation among streamflow records increases as the distance between the stations (a jk ) decreases. In this study a simple linear regression was used to fit the data.
It is important to mention that the spatial relationship may be developed using other physical parameters such as precipitation, drainage area, slope of a drainage basin, snowpack data and similar. A spatial correlation relationship can only provide meaningful results in a homogeneous natural environment. The spatial as well as temporal heterogeneity of hydrological data can limit the applicability of functions like the one described. Therefore, it is necessary a priori to investigate the spatial homogeneity of the relationship between the distances and correlation coefficients. An F-test is used for testing the homogeneity. After the test, the number of potential sites for data transfer may be reduced to a number which will be finally used in the data transfer. The procedure for data transfer continues with the calculation of the general linear correlation coefficients between the standardized data and the weighting factor for each station used for data transfer Ô-. The weights are the contributions of each station used to determine the streamflow at the ungauged site in question.
Finally, the sequence of data at the ungauged site is generated by summing the multiplication of the weights and the known flow sequences according to:
Accuracy measurement
All three mathematical models presented above and based on the MNSC analysis may be checked for accuracy using the modified simple standard error of estimate computation (Moore & McCabe, 1989) :
where:
and s is the standard error; S 0 is the mean square error of a flow sequence; Xj is an actual or observed flow value; X is the mean of the flow sequence; X* is a synthesized flow value; and N is the number of flow values in the sequence.
Methodology used in the analysis of Manitoba streams
MNSC has been adapted into a computer model for use on personal computers (Simonovic et al, 1978; Penner & Simonovic, 1991) . The software package used in the analysis consists of three programs: MNSCI, MNSCII and MNSCIII. For both regions in Manitoba (Red-Assiniboine Basin and Interlake District) the same analysis was performed on a number of streams. All three mathematical models were applied for interpolation, extension and data transfer. The three analyses were done for stations with existing streamflow measurements (but treated as interrupted, short or ungauged) so that comparisons between the MNSC applications and real observations could be made. These comparisons were used to reach the conclusions and select appropriate physical parameters for the enhancement of the results. The general procedure can be summarized as follows:
Step 1 Identification of streamflow measurement stations with coinciding measurement periods is made. Candidate stations to be used in interpolation, extension and data transfer are selected.
Step 2 Transformation of logarithms of monthly streamflows using equations (1) and (2) is performed. The procedure continues with the computation of correlation coefficients between standardized streamflow data. The correlation coefficients are calculated using equation (6) for filling in the missing data (interpolation); equation (10) for adding data at the end of a record (extension); and equation (12) for the generation of an entire streamflow sequence for an ungauged location (data transfer).
Step 3 Using the correlation coefficients obtained in Step 2, the general linear correlation coefficients between the standardized variables and their regressed values are calculated via equation (3')-For each candidate station, using equation (3"), the weighting factor is calculated. All these values are tested for homogeneity and only stations satisfying the homogeneity test are used in further analysis.
Step 4 Interpolation, extension and data transfer is done using respectively equations (7), (11) and (13).
Step 5 Taking antilogs of the interpolated, extended and transferred data comparisons of the synthesized sequences with the real sequences of streamflow data are made. All three mathematical models are checked using the modified simple standard error of estimate (equations (14) and (15)).
Step 6 Modifications of the synthesized sequences using different physical parameters and comparison with the real sequences of streamflow data are made. Checks are again performed using the standard error of estimate. The modification of the original MNSC results is done using the following relationship: N p
where Q x is the flow value at location x; Q t is the flow value at location i; P x is the physical data at site x; P t is the physical data at site i; ôj is the weighting factor; and n is the total number of stations used for transfer of data to an ungauged site. Equation (16) is used in the case of data transfer. For interpolation and extrapolation, the modification of the synthesized sequences is done by multiplying the relationships used by:
The physical parameters used in the analysis of Manitoba streams were: (a) yearly mean precipitation (mm); (b) monthly mean precipitation (mm); (c) snowmelt equivalent (average of February and March values) (mm); (d) altitude low ratio (defined as the ratio between the altitude of the station used for transfer and the altitude of the location with missing data) favouring the idea that a lower station will have higher flow values; and (e) altitude high ratio favouring the idea that a higher station will have higher flow values. Annual and monthly precipitation values were obtained from Environment Canada's HYDATA. Snowmelt equivalents in millimetres were obtained from the Manitoba Water Resources Branch. Elevation data in metres were taken from a standard topological map.
Step 7 Comparison of errors for different physical parameters is made looking for regional characteristics.
APPLICATION OF MNSC ANALYSIS TO RED-ASSINIBOINE BASIN
The Red and Assiniboine Rivers in southern Manitoba represent an important source of water for a number of different purposes including municipal and industrial water supply, irrigation, hydropower generation and water quality enhancement. The region covers areas marked 05M, 05N and 05O in Fig. 1 . Ten stations were incorporated in the analysis presented in this paper. The names of the stations with corresponding drainage areas, periods of observation, average, minimum and maximum flows are given in Table 1 . The Rolling River near Erickson and the Seine River near Ste. Anne were selected as "unknown" sites in this region. Eight other stations from Table 1 were used as potential sites for interpolation, extension and data transfer. These stations were divided into three groups according to matching lengths of records. Four stations (stations 5, 3, 10 and 9 in Table 1 ) were used in a 27 year sequence from 1962-1988. Six stations (5, 3, 10, 9, 4 and 6 in Table 1 ) were used in a 13 year sequence from 1963-1975. Finally, seven stations (5, 3, 10, 9, 4, 1 and 8 in Table 1 ) were used in a 17 year sequence from [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] . All the analyses were performed using runoff modules obtained by transforming the flow values and by dividing them by drainage area, in order to account for the differences in area. For each of the groups of stations MNSCI was run to generate correlation coefficients between the data for the stations. The values of streamflow correlation coefficients were between 0.973 and 0.444 (Penner & Simonovic, 1991) . After the application of MNSCII the stations with weaker relationships were eliminated and the following stations satisfying homogeneity criteria were selected for the analysis: ; group 1962 -1988 stations 7 and 9; Rolling River; group 1963 -1975 no stations; Rolling River; group 1972 -1988 no stations; Seine River; group 1962 -1988 stations 10 and 9; Seine River; group 1963 -1975 no stations; and Seine River; group 1972 -1988 stations 1 and 9. (b) Interpolation Rolling River; group 1962 -1988 no stations; Rolling River; group 1963 -1975 no stations; Rolling River; group 1972 -1988 stations 7 and 8; Seine River; group 1962 -1988 no stations; Seine River; group 1963 -1975 no stations; and Seine River; group 1972 -1988 stations 1 and 9. (c) Extrapolation Rolling River; group 1962 -1988 no stations; Rolling River; group 1963 -1975 no stations; Rolling River; group 1972 -1988 ; stations 7 and 8; Seine River Seine River Seine River group 1962-1988; no stations; group 1963-1975; no stations; and group 1972-1988 ; stations 1 and 9.
For the interpolations, five years of data, 1979 to 1983, were removed from the middle. For the extrapolations, the last five years of data, 1984 to 1988, were dropped from the end of the sequences. The observed data were used in the analysis of the results. Basically, the comparisons were made between the observed data and the synthetically interpolated, extrapolated and transferred sequences. The standard error of computation was used as a criteria for comparison.
After performing interpolation, extension and data transfer the data of the physical parameters were used to alter the synthetic sequences in an attempt to reduce the estimation error. All the relevant information is presented in Table 2 derived according to equation (17) for interpolation and extrapolation, and according to equation (16) for data transfer. In equations (16) and (17) the generic notation P is used for the physical data listed in Table 2 . Table 2 Physical data used for the Red-Assiniboine Basin Flow station number (from Table 1 
APPLICATION OF MNSC ANALYSIS TO INTERLAKE DISTRICT
The Interlake District covers the region 05L shown in Fig. 1 . The area is predominantly flat (elevation between 800 and 1200 m a.m.s.l.) with a slightly higher mean yearly precipitation in comparison to the Red-Assiniboine basin. Nine stations were used in the analysis with all the basic information presented in Table 3 .
The Red Deer River near its mouth, the Roaring River near Minitosas, and the North Duck River at Cowan were used as "unknown" stations in this region. Six other stations from Table 3 were used as potential candidate stations for data transfer. Their time sequences were matched into two groups. Four stations (stations 4, 5, 6 and 7 in Table 3 ) were used in a 28 year sequence Table 3) were used in a 21 year sequence from 1968-1988. All records for the Interlake District were eight-month years, missing the months of November, December, January and February. For each of the two groups of stations MNSCI was run to generate correlation coefficients between the data for the stations. The values of the correlation coefficients were between 0.939 and 0.474 clearly indicating various strengths of relationships between runoff modules (Penner & Simonovic, 1991) . After the application of MNSCII the stations with weaker relationships were eliminated and the following stations satisfying homogeneity criteria were selected for the analysis: (a) Data Transfer Roaring River; group 1961 -1988 stations 5, 6, and 7; Roaring River; group 1968 -1988 no stations; North Duck River; group 1961 -1988 stations 5, 6, and 7; North Duck River; group 1968 -1988 no stations; Red Deer River; group 1961 -1988 stations 4, 5, 6, and 7; and Red Deer River; group 1968 -1988 no stations. (b) Interpolation Roaring River; group 1961 -1988 no stations; Roaring River; group 1968 -1988 no stations; North Duck River; group 1961 -1988 no stations; North Duck River; group 1968 -1988 no stations; Red Deer River; group 1961 -1988 stations 4, 5, 6, and 7; and Red Deer River; group 1968 -1988 no stations. (c) Extrapolation Roaring River; group 1961 -1988 no stations; Roaring River; group 1968 -1988 no stations; North Duck River; group 1961 -1988 no stations; North Duck River; group 1968 -1988 no stations; Red Deer River; group 1961 -1988 stations 4, 5, 6, and 7; and Red Deer River; group 1968 -1988 ; no stations. For the interpolations eight years of data were removed from the middle of sequences and the analyses was performed. For the extrapolation, the last eight years of data were removed. For both interpolation and extrapolation, all trials failed the homogeneity test except for the Red Deer River during the 28 year time sequence.
After performing interpolation, extension and data transfer, the physical data was used to alter the synthetic sequences in an attempt to reduce the estimation error. All the relevant data for the Interlake District were used in equations (16) and (17) and are presented in Table 4 . Table  3 
RESULTS OF THE ANALYSIS
MNSC analysis has been successfully applied to both the analysed regions in data transfer, interpolation and extrapolation. From the results, summarized in Table 5 for the Red-Assiniboine basin and Table 6 for the Interlake District, it is possible to make the general conclusion that the MNSC method can be used for synthesizing missing streamflow records in Manitoba. Observing the three selected examples in Figs 3, 4 and 5 it is possible to conclude that the original method without any modifications is capable of capturing the character of the time sequence under analysis. All peaks and valleys coincide very well. The main deficiency of the MNSC method is in estimating absolute flow values. Just by glancing at the graphical presentation of the results it is possible to see that there is still room for improvement. However, by comparing the total standard error of the estimate presented in Tables 5 and 6 ( Tables 5 and 6 for the modification of the original MNSC results using different physical parameters.
Data Transfer
The MNSC method application to data transfer was successful in the Red-Assiniboine basin in three cases. From these three cases, data transfer to the Seine River (group 1972-1988) was in general less successful taking into account the relative value of the estimation error. In the Interlake District, three cases of data transfer were also successful. Behaviour very similar to that observed with the Seine River in the Red-Assiniboine basin was observed with the Red Deer River (group 1961-1988) in the Interlake District. All other cases, in both regions, demonstrated better behaviour, as measured by lower values of the standard error.
It is noticeable that the incorporation of physical parameters improved the estimates. For the Red-Assiniboine region, a combination of snowmelt and altitude information provided the best improvement. For the Rolling River (group 1962-1988 ) the relative improvement obtained by the incorporation of snowmelt and elevation data was 41%. For the Interlake District the combination of precipitation and elevation information reduced the error up to 53% (North Duck River, group 1961 -1988 .
Interpolation
Interpolation was successful in two cases in the Red-Assiniboine basin and in one case in the Interlake District. In all cases, except the Seine River (group 1972-1988) , the improvement in estimate (measured by error reduction) obtained by the introduction of different physical parameters was very small. This can be explained by the fact that a shorter period of time was considered for the interpolation, for the Red-Assiniboine basin only five years and for the Interlake District, eight years. However, the variation of error with different physical parameters indicated considerable sensitivity in the estimates.
In the case of the Red-Assiniboine basin the modification of the MNSC results by incorporating snowmelt and altitude information was the most productive. In the case of the Interlake District the MNSC results without modification were the best.
Extrapolation
Extrapolation was successful in two cases in the Red-Assiniboine basin and in one case in the Interlake District. Again, only a short period of data was used (five years for the Red-Assiniboine basin and eight years for the Interlake District) and that fact played an important role in the extrapolation analysis. Snowmelt and altitude information for the Red-Assiniboine basin and precipitation in the Interlake District again were noticed as physical parameters with the most significant impact.
CONCLUSIONS
Application of the Multiple Nonlinear Standardized Correlation (MNSC) method has been successfully demonstrated for a number of streams in two geographically different regions of Manitoba. The research was conducted with two major objectives in mind: (i) to illustrate the potential application of MNSC methodology for data transfer, interpolation and extension; and (ii) to investigate the importance of different physical parameters for possible improvement of MNSC results.
Using two different regions, the Red-Assiniboine basin and the Interlake District, MNSC was applied in all three different modes. It has been shown that MNSC can be a very practical engineering tool for transferring streamflow data, filling in missing data and extending short periods of records. The standard error of estimate combined with the graphical presentation of observed and estimated flows was used in evaluating the results of MNSC applications.
To achieve the second objective of the research, considerable physical information was used to investigate potential improvements in the MNSC estimates. For most cases, in both regions, improvements were observed as measured by visual comparisons and reductions of the standard error of estimate. From the analysis presented it appears that, in the Red-Assiniboine basin, the most valuable parameters were snowmelt and elevation, and in the Interlake District, precipitation and elevation. These conclusions may be used for directing further investigation by narrowing down the number of physical parameters and reducing further the regional boundaries associated with them.
